This is the first study to investigate the relationships among fibroblast growth factor receptor 4 (FGFR4) genetic polymorphisms, development of uterine cervical cancer, clinicopathological variables, and patient prognosis in Taiwanese women. Real-time polymerase chain reaction and genotyping were used to detect the genotype frequencies of 4 FGFR4 single-nucleotide polymorphisms (SNPs), rs351855 (C/T, Gly388Arg), rs2011077 (G/A), rs7708357 (G/A), and rs1966265 (Ile10Val), in 138 patients with invasive cancer, 89 with precancerous lesions of uterine cervix, and 335 normal controls. The results showed that there is no significant difference in the frequencies of FGFR4 SNPs rs351855, rs2011077, rs7708357, and 1966265 between women with cervical invasive cancer and normal controls even after controlling for age. However, significant differences existed in the distributions of the FGFR4 genetic polymorphism rs2011077, when mutant homozygotes (AA) were compared using other genotypes (GG/GA) as a reference, as well as rs1966265, when mutant homozygotes (AA) were compared using GG/GA as a reference, between women with cervical precancerous lesions and normal women even after controlling for age. In multivariate analysis, lymph node metastasis was associated with cancer recurrence, and lymph node metastasis and FGFR4 rs351855 were associated with patient survival. In conclusion, our study demonstrated that FGFR4 rs2011077 and rs1966265 are associated with the progression of cervical normal tissues to precancerous lesions in Taiwanese women. Moreover, rs351855 (Gly388Arg) is the only FGFR4 genetic polymorphism that is associated with patient survival.
Introduction
The fibroblast growth factors (FGFs) are multifunctional proteins that signal to receptor tyrosine kinases and modulate the mitogenesis, proliferation, differentiation, and migration of various cells, the angiogenesis, and repair of tissue injury. [1] [2] [3] Phylogenetic analysis showed that 22 FGF genes can be categorized into 7 subfamilies in humans. 4 The fibroblast growth factor receptors (FGFRs) act as transmembrane tyrosine kinase receptors, consisting of 4 family members FGFR1 to 4, concerned with signal transduction via interaction with members of the FGF family. 5 The FGFR5, which lacks the FGF signaling tyrosine kinase domain, is proposed to effect as decoy receptor that binds FGF ligands and sequesters them away from the conventional FGFRs. 6 Tiong et al revealed that the presence of FGFR4/FGF19 autocrine signaling mediates the survival of a subset of basal-like breast cancer cells. 7 The expression of FGFR4 was suggested to be higher in cancer tissues than in normal tissues of the uterine cervix.
Jiang et al revealed that the minor alleles of rs1966265 and rs351855 in FGFR4 were strongly associated with breast cancer in Chinese women of Heilongjiang province. 9 Koole et al found that the FGFR4 Gly388Arg polymorphism was detected in 62% of oropharyngeal squamous cell carcinoma. 10 Fibroblast growth factor receptor 4 gene polymorphisms, including rs351855 (C/T, Gly388 to Arg388), rs2011077 (G/A), rs7708357 (G/A), and rs1966265 (Ile10Val), have been reported to probably influence the protein expression. [11] [12] [13] Therefore, FGFR4 gene polymorphisms are associated with the development of cancer via the impact on the protein expression.
Our previous study found that FGFR4 genetic polymorphism rs351855 is associated with the risk of hepatocellular carcinoma accompanied with liver cirrhosis.
14 Uterine cervical cancer is highly prevalent in Taiwan and known as the fifth most common type of cancer in women in this country. Cervical carcinogenesis is a multistep process, from normal cervix to precancerous lesions and finally to invasive cancer of the uterine cervix. Precancerous lesions are composed of cervical intraepithelial neoplasia 1 (CIN1; low-grade CIN or lowgrade dysplasia), in which immature and mitoses cells occupy and are limited to the basal one-third of the epithelium, as well as CIN2, in which immature and mitoses cells occupy and are limited to the basal two-third of the epithelium, and CIN3, in which immature and mitoses cells occupy more than the basal two-third. The CIN 2 and CIN3 are collectively referred to as high-grade CIN or high-grade dysplasia. However, few studies investigated the associations among FGFR4 genetic polymorphisms, development of uterine cervical cancer, and patient prognosis in Taiwanese women. Therefore, we conducted this study to associate the distributions of FGFR4 genetic polymorphisms with the cervical tumorigenesis, cancer recurrence, and patient survival.
Materials and Methods

Study Population
Five hundred sixty-two women, including 138 with invasive cancer and 89 with precancerous lesions of the uterine cervix, as well as 335 normal controls were consecutively recruited into this study. All 335 normal control individuals were recruited at the same hospital and these control groups had neither self-reported history of cancer of any sites. The ages of women with cervical invasive cancer, precancerous lesions, and normal controls were 55.0 (12.5), 42.7 (12.0), and 44.2 (10.2), mean (SD), years, respectively. One hundred thirtyeight patients with invasive cervical cancer were staged according to the 2009 International Federation of Gynecology and Obstetrics Classification and received standard treatment protocols at the Department of Obstetrics and Gynecology in Chung Shan Medical University Hospital, Taiwan, from August 1993 to August 2014. Eighty-nine patients with precancerous lesions received colposcopy-directed cervical punch biopsy, large loop excision of the transformation zone, and total abdominal or vaginal hysterectomy. The diagnosis of all patients with cervical invasive cancer or precancerous lesions was confirmed according to the pathologic report before treatment initiation. All study population were Taiwanese women who resided in central Taiwan. The institutional review board of Chung Shan Medical University Hospital approved this study (CSMUH IRB: CS12219 and CS14014), and informed written consents were obtained from all patients.
Blood Sample Collection and Genomic DNA Extraction
Blood specimens were obtained from all individuals and placed into Vacutainer tubes containing EDTA and then stored at 4 C immediately. DNA was extracted from buffy coats (white blood cells) using QIAamp DNA blood mini kits (Qiagen, Valencia, California) as described in detail previously. 15 DNA was used as the template in polymerase chain reactions (PCRs).
Selection of FGFR4 Gene Polymorphisms
In this study, we selected 4 FGFR4 genetic polymorphisms based on the International HapMap Project data and previous studies.
11 -13 These genetic polymorphisms included the nonsynonymous single-nucleotide polymorphisms (SNPs) rs351855 (Gly388Arg) and rs1966265 (Ile10Val) in the coding sequences and rs2011077 (G/A) in intron 11 and rs7708357 (G/A in 3 0 -flanking region).
Single-Nucleotide Polymorphisms by Real-Time PCR and Genotyping
Allelic discrimination of the FGFR4 genetic polymorphisms rs351855 (C/T, Gly388 to Arg388), rs2011077 (G/A), rs7708357 (G/A), and rs1966265 (Ile10Val) was evaluated using an ABI StepOne Real-Time PCR System (Applied Biosystems, Foster City, California) and analyzed by SDS version 3.0 software (Applied Biosystems) using the TaqMan assay as described previously.
16,17
Statistical Analysis
We used analysis of variance method to analyze the age distributions of patients with invasive cancer and precancerous lesions of the uterine cervix and control women. Then, Bonferroni test was performed for post hoc analysis. HardyWeinberg equilibrium was used to analyze the genotype distributions of SNPs rs351855 (Gly388Arg), rs1966265 (Ile10Val), rs2011077, and rs7708357 in the normal controls (degree of freedom ¼ 2). w 2 or Fisher exact test was used to examine the relationships between genotype frequencies of FGFR4 SNPs and the incidence of cervical neoplasias (including invasive cancer). The adjusted odds ratios with their 95% confidence intervals (CIs) were used to examine the relationships among distributions of FGFR4 SNPs, haplotypes, and the incidence of cervical neoplasias by the logistic and multiple logistic regression models after controlling for age. 
Association of FGFR4 Gene Polymorphisms With Uterine Cervical Neoplasias in Taiwanese Women
There were no significant differences in the frequencies of FGFR4 SNPs rs351855, rs1966265, rs2011077, and rs7708357 between women with cervical neoplasias and normal controls (Table 1) . Further controlling for age, no significant differences still existed. After the cervical neoplasias group was subdivided into subgroups of invasive cancer and precancerous lesions, significant differences existed in the distributions of the FGFR4 gene SNP rs2011077, when mutant homozygotes (AA) were compared using other genotypes (GG/GA) as a reference, as well as SNP rs1966265, when mutant homozygotes (AA) were compared using GG/GA as a reference, between women with cervical precancerous lesions and normal women after controlling for age (P ¼ .038 and P ¼ .028, respectively; Table 2 ), but no such difference was found between women with invasive cancer and normal women (P ¼ .805 and P ¼ .739, respectively; Table 2 ). However, no such finding was observed in FGFR4 gene SNPs rs351855 and rs7708357.
Association of FGFR4 Haplotypes With Uterine Cervical Neoplasias
Based on the locations of the analyzed variants (FGFR4 SNPs rs351855, rs1966265, rs2011077, and rs7708357), the FGFR4 haplotypes, rs351855, rs2011077, rs7708357, and rs1966265 in order, were established. Because the mutant homozygous AA and AA in SNP rs2011077 and SNP rs1966265 increased the risk of developing cervical precancerous lesions, haplotypes containing them (CAGA and TAGA) were regarded as a risk subgroup, while other haplotypes (TGGG, CGGG, TGAG, CGAG, CAGG, and CGGA) were regarded as a control subgroup. However, no significant difference was found in the distributions of FGFR4 haplotypes among women with invasive cancer or precancerous lesions and normal controls (Table 3) .
Univariate and Multivariate Analyses of Clinicopathological Variables and FGFR4 Genetic Polymorphisms for Cancer Recurrence and Patient Survival in Taiwanese Women With Uterine Cervical Cancer
We found that some clinicopathological variables may increase the risk of cancer recurrence and present poor survival in Table 5 ) among clinicopathological variables. However, lymph node metastasis and more advanced cancer stages (stages II-IV) could increase the risk of poor patient survival (risk: 8.26, 95% CI: 1.63-41.67, P ¼ .011 and risk: 6.13, 95% CI: 1.14-33.33, P ¼ .035, respectively; Table 5 ). In addition, rs351855 mutant homozygote was the only FGFR4 genetic polymorphism that increased the risk of poor patient survival (risk: 4.07, 95% CI: 1.09-15.13, P ¼ .036; Table 5 ).
Analysis of FGFR4 Haplotypes for Cancer Recurrence and Patient Survival in Taiwanese Women With Uterine Cervical Cancer
We further investigated the association of FGFR4 haplotypes with cancer recurrence and patient survival. We found that there is no association of FGFR4 haplotypes with cancer recurrence when risk haplotype subgroup (CAGA and TAGA) is compared, using control haplotype subgroup (TGGG, CGGG, TGAG, CGAG, CAGG, and CGGA) as a reference (risk: 0.70, 95% CI: 0.35-1.42, P ¼ .289; Table 6 ). There was also no association of FGFR4 haplotypes with patient survival when risk haplotype subgroup was compared, using control haplotype subgroup as a reference (risk: 0.56, 95% CI: 0.25-1.21, P ¼ .109; Table 6 ).
Discussion
Our study found that 4 FGFR4 gene polymorphisms, rs351855 (C/T, Gly388 to Arg388), rs2011077 (G/A), rs7708357 (G/A), and rs1966265 (Ile10Val), are not associated with the development of invasive cancer of the uterine cervix, that is, progression from normal cervix to invasive cancer in Taiwanese women. However, FGFR4 SNPs rs2011077 and rs1966265, but not rs351855 and rs7708357, were associated with the progression from normal cervix to precancerous lesions of the uterine cervix. Some studies reported that FGFR4 gene polymorphisms, rs351855, rs2011077, rs7708357, and rs1966265, may exert a pathophysiological influence on tumor or dysplasia development in various cancers and diseases. [11] [12] [13] 18, 19 Rezvani et al demonstrated that FGFR4 SNP rs1966265 (Ile10Val) is a possible key genetic variant in alveolar dysplasia diseases of preterm newborns. 11 Ma et al found that FGFR4 SNP rs2011077 significantly affects the development of prostate cancer and benign prostate hyperplasia and the progression of prostate cancer in Japanese population. 12 FitzGerald et al suggested no association of the FGFR4 SNPs rs351855, rs7708357, and rs1966265 as well as haplotypes with the risk of prostate cancer in Caucasian or African American individuals. 18 In contrast to our findings, the meta-analysis of Xu et al revealed that the FGFR4 SNP rs351855 (Gly388Arg) most likely contributes to susceptibility to cancer, especially in Asians. 13 In addition, the Arg (388) allele might be associated with an increased risk of breast and prostate cancers.
In order to evaluate the impact of FGFR4 genetic polymorphisms on patient prognosis, we used univariate and multivariate analyses to investigate the relationships among FGFR4 genetic polymorphisms, clinicopathological variables, cancer recurrence, and patient survival in Taiwanese women. In univariate analysis for the association of clinicopathological variables with patient prognosis, more advanced cancer stages (stages II-IV), stromal invasion, tumor diameter, and lymph node metastasis were associated with cancer recurrence and patient survival. However, in multivariate analysis, lymph node metastasis was the only clinicopathological variable that was associated with cancer recurrence. More advanced cancer stages (stages II-IV) and lymph node metastasis were associated with patient survival. Using Kaplan-Meier curves, our previous study demonstrated that lymph node metastasis but not more advanced cancer stage (stage II) was associated with cancer recurrence. 20 Moreover, more advanced cancer stage (stage II) and lymph node metastasis were associated with patient survival. Focused on the main objective of this study, we found that FGFR4 SNP rs351855 is the only gene polymorphism that tends to increase the risk of cancer recurrence and poor patient survival in univariate analysis. However, FGFR4 SNP rs351855 significantly increased the risk of poor patient survival but not cancer recurrence in multivariate analysis.
The FGRF4 Gly388Arg activates the FGFR4, and human cancers characteristic of this SNP were demonstrated to be highly aggressive and metastatic. 21 In addition, Sugiyama et al found that the FGFR4-R388 can stabilize the endosomal MMP14, which then promotes collagen degradation, and is associated with cancer invasion and metastasis. 22 In contrast to the effects of the Arg allele, the Gly allele of rs351855 seems to function as a tumor suppressor in breast cancer culture assays, inhibiting the cell motility of invasive breast cancer cells. 23 Shim et al showed that patients with lymph nodepositive early-stage esophageal squamous cell carcinoma, who carried the Gly388 allele, had improved survival compared to those carrying Arg388 when they received concurrent chemoradiotherapy. 24 It implies that the impact of the FGFR4 nonsynonymous SNPs rs351855 (Gly388Arg) on patient survival may act via the influence of protein expression. Although FitzGerald et al demonstrated an association between FGFR4 SNP rs351855 and prostate cancer risk in radical prostatectomy cases, they suggest that the association of FGFR4 SNP rs351855 with prostate cancer-specific mortality was weak. 18 Because Shifman et al revealed that haplotypes consisted of each genetic polymorphism lead to the susceptibility to disease, although not obviously, haplotype study exerts a greater statistical power than individual SNP analysis for the detection of an association of the alleles with a disease phenotype, 25 we used the FGFR4 haplotypes to relate FGFR4 genetic polymorphisms to the development of cervical cancer and patient prognosis. Unfortunately, we could not find an association between the FGFR4 haplotypes and the progression of normal tissues to invasive cancer of the uterine cervix in Taiwanese women. Moreover, we could not associate the FGFR4 haplotypes with cancer recurrence and patient survival.
In conclusion, our study demonstrated that FGFR4 SNPs rs2011077 and rs1966265 are associated with the progression of normal tissues to precancerous lesions of the uterine cervix in Taiwanese women. However, rs351855 (Gly388Arg) is the only FGFR4 genetic polymorphism that is associated with patient survival. FGFR4 haplotypes are not associated with the development of cervical cancer and patient prognosis.
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